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FOREWORD 


This report presents the results of work performed by Northrop Services, 
Inc., Engineering Technology Group for the Marshall Space Flight Center under 
Contract NAS8-33816. Portions of the analysis were performed by Lockheed 
Missiles and Space Co., Huntsville Research and Development Center. The NASA 
Technical Monitor for this contract was Mr. D. L. Bacchus. The authors wish 
to acknowledge the assistance and contributions provided by Mr. Baccnus toward 
the successful completion of this study. The authors also wish to thank Mr. 
Paul Ramsey (ED32) who provided access to the data, his test log, and took 
time to discuss the data and results with the authors. 
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NOMENCLATURE (MISSILE AXIS SYSTEM*) 

Definition 

Crossflow drag coefficient, F^/qSp 
Normal force coefficient, 

Pitching moment coefficient, H^/qSL^ 

Side force coefficient, Fy^q^ 

YciWlng moment coefficient, M^/qSLj^ 

Rolling moment coefficient, M^/qSL^ 

Total axial force coefficient, Fj^/qS 

Normal force 

Pitching moment 

Side force 

Yawing moment 

Rolling moment 

Total axial force 

Free stream d)mamlc pressure 

Reference area (SRB body cross sectional area) 

Model planform area 

Body length (SP3 total length Including nozzle extension) 
Reference length (SRB body diameter) 

Fre^ stream Mach number 

Free stream Reynolds number per foot 

Free stream Reynolds number based on model 
cylinder diameter 

Total angle of attack, angle between the X-axls and the 
free stream vector (see Figure 2-5) 


Units 


lbs. 


In. -lbs. 
lbs. 

In. -lbs. 
In. -lbs. 
lbs. 

lbs. /In. ^ 



In. 


In. 


1/ft 


degrees 


*Tne miasile axis syetem is ehown in Figure 2-6. 
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Model roll angle (see Figure 2-5) 
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X /L h 
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V h, 


Missile axes 

Abbreviations for the location of the moment 
reference point in the missile axis system 
(note that «« X ) 


degrees 


In. 


In. 
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Section I 
INTRODUCTION 

The analysis of the wind tunnel test results from SRB sting Interference 
test TWT 660 and HRHT 042 was undertaken to evaluate the sting Interference 
that may be present In the Space Shuttle SRB reentry aerodynamic math model. 

The wind tunnel test program was designed to obtain six-component static 
stability data on a model of the Space Shuttle 146-lnch diameter right Solid 
Rocket Booster (SRB) model mounted on various sting arrangements and combina- 
tions to determine the sting effects. The test program Is a result of recom- 
mendations made In Reference 1. The technique of developing the sting Inter- 
ference data Is to mount the SRB model on a nose-mounted sting and obtain data 
with and without dummy side-mounted stings. The dummy side mounted stings are 
configured to simulate stings used at ARC, MSFC 14-inch TVIT, MSFC High Reynolds 
number stlngs^and AEDC. The test program thus provided a data bose that can 
be used to develop delta coefficients which may be used to develop corrections 
to the side-mounted sting SRB data base. An additional portion of the test 
program consisted of mounting the SRB model on various side-mounted stings to 
obtain data with and without a dunoy nose sting. This procedure provided a 
check of the mutual sting interference, since the corrected data for both nose 
and side-mounted stings should agree If the total sting Interference Is removed 
from the data and no mutual sting interference^ exists. 

The total test program consisted of tests In the MSFC 14-lnch Trlsonlc 
wind tunnel and the MSFC High Reynolds number facility. The test program con- 
ducted In the MSFC 14-lnch Trlsonlc wind tunnel developed data at Mach numbers 
of 0.6, 0.8, 1.05, 1.1, 1.2, and 1.46, angles of attack from 100 to 140 degrees, 
and roll angles of 0, 45, and 90 degrees. The test program conducted In the 
MSFC High Re no Ids number facility developed data at Mach numbers of 0.4, 0.6, 
and 0.8, angles of attack from 100 to 120 degrees, and roll angles of 0 and 90 
degrees. The Reynolds number range was from 1.5 x 10° to 9.5 x 10°, based on 
the model diameter. 


1-1 
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This report doctunents the procedure developed to determine the sting 
interfertuce, the development of the corrected aerodynamic data, the results 
of the .V alysis of the sting interference data and the corrected aerodynamic 
dat 1 the development of a new SRB aerodynamic math model. 


1-2 
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Section II 

WIND TUNNEL TEST PROGRAMS 

Two wind tunnel test programs were conducted to develop the required 
sting interference data. The wind tunnel tests consisted of a transonic test, 
in the MSFC 14-inch Trisonic Wind Tunnel (TWT 660) and a High Reynolds number 
test in the MSFC High Reynolds Number Wind Tunnel (HRWT 042) , Combinations of 
single and dummy sting arrangements were used during both tests to obtain the 
necessary data for the evaluation of the sting interference. A brief discus- 
sion of each test program is presented below. A brief discussion of the test 
programs and sting configurations used to develop the current SRB reentry 
aerodynamic data base and data tapes is also presented for reference. 

TWT 660 TEST PROGRAM 

The TWT 660 test program was designed to obtain six-component static 
stability data on a model of the 146- inch diameter SRB model mounted on various 
sting arrangements and combinations to detenniue the sting effects. The 
technique of developing the sting interference data is to mount the SRB model 
on a nose-mounted sting and obtain data with and without dummy side-mounted 
stings. The dummy side mounted stings are configured to simulate stings used 
at ARC, MSFC 14-inch TWT, MSFC High Reynolds number stings and AEDC. The test 
program thus provided a data base that can be used to develop A coefficients 
which may be used to develop corrections to the side-mounted sting SRB data 
base. An additional portion of the test program consists of mounting the SRB 
model on various side-mounted stings to obtain data with and without a dummy 
nose sting. This procedure provided a check of the mutual sting interference, 
since the corrected data for both nose and side-mounted stings should agree if 
the total sting interference is removed from the data and no mutual sting 
interference exists. 

The test program conducted in the MSFC 14-inch Trisonic wind tunnel pro- 
vided data at Mach numbers of 0.6, 0.8, 1.05, 1.1, 1*2, and 1.46, for angles of 
attack from 100 to 140 degrees, and roll angles of 0, 45, and 90 degrees. 
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The model used during the test program was MSFC model 486, a 0.5478 per- 
cent scale model of the 146-inch diameter right-hand SRB reentry configuration. 
The SRB reentry configuration is the configuration of the SRB after staging of 
the nozzle extension and prior to deployment of the nose cap that initiates 
deployment of the drogue chute (see Figure 2-1). Details of the wind tunnel 
model are given in Figure 2-2. Figure 2-3 shows the location of the right 
hand SRB on the Space Shuttle launch configuration. The SRB consists of a 
spherically blunt 18 degree half angle cone, a cylindrical body, engine shroud, 
protuberances, and truncated engine nozzle. The SRB model did not have the 
engine shroud thermal shield simulated. Figure 2-4 shows the SRB nozzle 
extension that is separated at apogee and the thermal shield. The SRB 
aeroavnamic data are developed in the missile axis system. The missile axis 
svstem is suowt\ In Figure 2-5. 


STING HARDWARE 

The various sting configurations used are shown in Figures 2-6 through 2-21 
and described in Table 2-1. The s>mibols used in the six character sting con- 
tiguracLon identifiers are defined as follows: 


Character 


Symbol 


Definition 


1 M 

A 

H 

2,3 SS 

SD 

00 

4,5 NS 

ND 

00 

6 A 

B 


TWT sting 
ARC sting 
HRWT sting 

Side-mounted sting 
Side-mounted dummy sting 
No side sting used 

Nose-mounted sting 
Nose-mounted dummy sting 
No nose sting used 

Configuration for angle-of 
attack range A (100®-120®) 
Configuration for angle-of 
attack range B (120®-140®) 


The Mach numbers for which data was obtained are 0.6, 0.8, 0.9, 1.05, 1.1, 
1.2 and 1.46, The angle of attack range was from 100 to 140 degrees. Six com- 
ponent force and moment data were taken at angle-of-attack increments of 2.0 
degrees. The model was tested at roll angles of 0, 45, and 90 degrees. A 
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series of different sting configurations were used during the program. Three 
basic single sting configurations were tested. The single sting configurations 
Included MSFC side mount (MSSOOA/B), Ames side mount (ASSOOA/B), and the MSFC 
nose mount configuration (MOONSA/B). Five duel sting configurations were 
tested with various combinations of active and dummy nose and side mounts. 

The dummy side mount configurations used with the active nose mount Included 
the MSFC (MSDNSA/B), Ames (aSDNSA/B) and MSFC High Reynolds number (HSDNSA/B) 
sting configuration. The dummy nose mount configurations used with the active 
side mount stings were the MSFC (MSSNDA/B) , and Ames (ASSNDA/B) sting config- 
urations. It Is noted that each basic sting has two configurations. Each 
configuration is designed for a particular angle of attack sweep range. Sting 
configurations with a letter designation ending in A are used for the A angle 
of attack range (a * 100 to 120 degrees). Sting configurations with a letter 
designation ending in B are used for the B angle of attack range (a * 120 to 
140 degrees). Additional details concerning the test and test hardware can 
be obtained from Reference 2. 

STING INTERFERENCE ANALYSIS PROCEDURE - TWT 660 

The procedure for determining the sting Interference is the following. 

The sting Interference for the side mount sting configurations Is determined by 


AC 

C 

- C 

Side Mount 

*Dummy Side Mount 

*Nose Mount 

Sting Interference 

With Active Nose 

Only 


Mount 

(MSDNSA/B) , 
(ASDNSA/B) 
or (HSDNSA/B) 

(MOONSA/B) 

The corrected side mount 

sting data Is thus 



C - C - AC 

^Corrected ^Active Side *Slde Mount 

Side Mount Mount Sting Interference 

(MSSOOA/B) , 

(ASSOOA/B) 
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The sting interference for the nose mount configuration is determined by 


dC 


*Nose Mount 
Sting Interference 


C - C 

^unmy Nose Mount *Slde Mount 

With Active Side Only 
Mount 


(MSSNDA/B) (MSSOOA/B) 

(ASSNDA/B) (ASSOOA/B) 


The corrected nose mount sting data is thus 

C • C - AC 

^Corrected ^ose Mount ^ose Mount 
Nose Mount (mooNSA/B) Interference 

It is noted that the nose mount sting interference could be obtained with two 
different side mount configurations (MSSNDA and ASSNDA). The nose sting was 
Identical in both cases. Then the difference in the procedure is only in the 
use of different side mount stings. The nose mount sting interference has 
been labled differently to distinguish what side mount sting was used to develop 
the sting Interference data. 


HRvfT «2 Test program 

The HRWT 042 test program was a three part program that consisted of 
testing one configuration from the TWT 660 test program, testing a basic 
cylinder to verify basic cylinder data trends and the sting Interference por- 
tion of the test program. 


The model configuration used for the TWT 660 verification was configura- 
tion ASSOOA/B. The model and sting configuration used for the HRWT 042 test 
is presented in Figure 2-22. The test configuration used for this hardware 
during the TWT 660 test is shown in Figure 2-15. The TWT sting and SRB model 
hardware for this configuration was tested in the High Reynolds nuaber tunnel. 


The cylinder rest used a symmetric and asymmetric cylinder with a side 
mount sting (see Figures 2-23 through 2-25). The cylinder test allowed a check 
with previously published high Reynolds number cylinder data and allowed the 
evaluation of basic cylinder moment interference due to the sting. 


The sting interference portion of the test consisted of using a series 
of sting configurations utillred in earlier SRB testing (HRWT 039) along with 
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new configuration that allowed the evaluation of the sting interference. The 
SR£ model configuration used for the test is presented in Figure 2-26. The 
single and dual sting configurations used are presented in Figures 2-27 through 
2-34. The single sting configurations used are the side mount sting (HSSOOA/B) 
shown in Figures 2-27 and 2-28 and the nose mount sting (HOONSA/B) shown in 
Figures 2-29 and 2-30, The dual sting configurations include the side mount 
with dummy nose mount (HSSNDA/B) shown in Figures 2-31 and 2-32 and the nose 
mount with the Dummy side mount (HSDNSA/B) shown in Figures 2-33 and 2-34. 
Additional details concerning the test program and model hardware can be 
obtained from Reference 3, 

STING INTERFERENCE ANALYSIS PROCEDURE - HRV/T 042 

The procedure for determining the sting interference is the following. 

The sting interference for the side mount sting configurations is determined 
by 


AC * C 

^Side Mount ^ummy Side Mount 

Sting Interference With Active Nose 

Mount 

(HSDNSA/B) 


C 

^ose Mount 
Only 

(HOONSA) 


The corrected side mount sting data is thus 


C 

Corrected 
Side Mount 


C 

X 

Active Side Mount 
(HSSOOA/B) 


*Side Mount 
Sting Interference 


The sting interference for the nose '.lount configuration is determined by 


*Nose Mount 
Sting Interference 


C 

*Dunmy Nose Mount 
With Active Side 
Mount 

(HSSNDA/B) 


C 

*Slde Mount 
Only 

(HSSOOA/B) 
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The corrected nose mount sting data is thus 


C C - AC 

*Corrected ^ose Mount ^ose Mount 
Nob. Mount ,„oonsA/B) 

OTHER TEST PROGRAMS 

The reentry aerodynamic static stability data base for the 146-lnch 
diameter right side Space Shuttle SRB was developed from a series of wind 
tunnel test programs. These wind tunnel test programs are defined below. 

• TVn* 640 (SA14Fb) ; conducted In the NASA/MSFC 14-lnch Trlsonlc Wind 
Tunnel, Reference 4. 

e Project P41C-E3A (SA16F); conducted in the 4T Arnold Engineering 
Development Wind Tunnel, Reference 5. 

e ARC 11-74-1 (SAllF) ; conducted In the Ames Research Centers Unitary 
Tunnels, References 6 and 7. 

• HRWT 034 (SA30F) ; conducted in the NASA/MSFC High Reynolds Number 
Wind Tunnel Facility, Reference 8. 

e HRWT 039 (SA31F) ; conducted In the NASA/MSFC High Reynolds Number 
Wind Tunnel Facility, Reference 9. 

e TWT 596 (SA21F) ; conducted in the NASA/MSFC 14- inch Trlsonlc Wind 
Tunnel, Reference 10. 

The range of test conditions for the major test programs are presented 
In Table 2-2. These test programs were used to develop two aerodynamic math 
models of the SRB reentry aerodynamic characteristics. The Math models were 
put on magnetic tape for use In SRB reentry dynamics studies and are identi- 
fied as SRB Aero data Tape #1 and 112. SRB data Tape ^1 was developed using 
results from tests HRWT 034, TWT 640, and SA16F. Test TWT 640 provides the 
data basis for both data tapes. Test TWT 640 was the only test that covered 
the complete angle of attack range (a •> 0 to 180 degrees) and roll angle range 
(0 - 0 to 315 degrees) as shown in Table 2-2. All other tests provided only 
partial attitude coverage. Test TWT 640 used the sting configurations shown 
in Figures 2-35 and 2-36. Test SA16F used the sting configuration shorn in 
Figure 2-37. This sting configuration was also used In portions of test 
TWT 640 for the angle of attack range from 130 to 150 degrees. 
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Data Tape 12 was developed using the results from three supplemental test 
programs. These test programs were SAllF, SA21F, and SA31F. Test SAllF used 
a larger model (2.8 percent scale) and thus the model had improvements in 
the number and fidelity of protuberances. The model was tested over a limited 
range of attitude and roll angles however (see Table 2-2). The Ames test 
(SAllF) used the sting configuration shown in Figures 2-38 and 2-39. Test 
SA21F was a test to develop rolling moment data for every 22 1/2 degrees of 
roll angle. The integral of the rolling moment coefficient at a constant angle 
of attack should be near zero. Test SA21F provided the required data to 
improve the rolling moment coefficient math model for data Tape #2. Test 
SA31F was used to provide high Reynolds number data trends for .he SRB model 
with protuberances for use in the development of Tape #2. The sting configura- 
tion used for test SA31F (HRWT 039) are presented in Figures 2-40 and 2-41. 

Thus the SRB reentry aerodynamic data base was developed using the sting 
configuration presented in Figures 2-37 through 2-41 for the angle of attack 
range from 60 to 180 degrees. The sting configuration presented in Figures 
2-6 through 2-34 provide the means of evaluating the sting interference T^r 
the data base stings over the critical angle cf attack range from 100 to 140 
degrees . 
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TABLE 2-1. TWT 660 STING CONFIGURATIONS 


Identifier 

Description 





MSSOOA 

IVT side-mount stinq 138, 100° ±o^ ± 120° 

2-6 


TWT side-mount sting 137, 120” < a 140° 

2-7 

MOONSA 

Nose-mount sting 140, 100° < a £ 120° 

2-8 

MOONSB 

Nose-mount sting 141, 120° a 140° 

2-9 

KSSNDA 

TWT side-mount sting 138, nose duiiiny 140-D 
100° ^ a < 120° 

2-10 

MSSNDB 

TWT side-mount sting 137, nose dumr\y 141-D, 
120° < a < 140° 

2-11 

MSDNSA 

TWT side dummy 138-D, nose-mount sting 140, 
100° < a 1 120° 

2-12 

MSDNSB 

TWT side dunmy 137-0, nose-mount sting 141, 
120° < a < 140° 

2-13 

ASSOOA 

ARC side-mount sting 142, 100” l a i 120° 

2-14 

ASSOOB 

ARC side-mount sting 142, i20° l a 140° 

2-15 

ASSNOA 

ARC side-mount sting 142, nose dutimy 140-D, 

100° < a < 120° 

2-16 

ASSNDB 

ARC side-mount stinq 142, nose dummy 141-D, 
120° < o < 140° 

2-17 

ASDNSA 

ARC side dummy sting 142 (W/0 balance adapt •), 
nose-mount sting 140, 100° ± a ± 120° 

2-18 

ASDNSB 

ARC side dummy sting 142 (W/0 balance adapter), 
nose-mount sting 141, 120° i a ^ 140° 

2-19 

HSDNSA 

HRWT side dutni\y HRWTl-D, nose-mount sting 140, 

100° < a <120° 

2-20 

HSDNSB 

HRWT side dunmy HRWT2-D, nose-mount stinq 141, 
120° < a < 140° 

I 

2-21 
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Figure 2-1. SRB Reentry Trajectory and Sequence 

















Figure 2-5. Body end Mleslle Axis System 
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Figure 2-6. Sting Configuration MSSOOA, 100* < « < 120 
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Figure 2-7. Sting Configuration HSSOOB, 120* < o < 140 







Figure 2-8. Sting Configuration MOONSA, 100* < o < 120 
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Fltute 2-9. Sclng Configuration MOWiSB, 120 
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Figure 2-10. Sting Configuration MSSNDA, 100* < a < 120 
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Figure 2-13. Sting Configuration HSDNSB, 120* < a ^ lAO 
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Figur« 2-18. Sting C«nfig«tracion ASDMbA, 100* < a < 120 
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Figure 2-19. Sting Configuration ASDNSB, 120* < a < 140 
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Figure 2-22. Sting Configuration ASSOOB HRWT 042 






Figure 2-23. Cylinder Model HRWT 042 
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Figure 2-25. Sting Configuration for Assymmetrlc Cylinder 
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Figure 2-27. Sting Configuration HSSOOA, 100* < 120* HRWT 042 
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-28. Sting C-mflguratlon HSSOOB, 120* < 140* HRWI 
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Figure 2-29. Sting Configuration HOONSA, 100* £a £120 





Figure 2-3Q. Sting Configuration HOONSB, 120° < x '' 140 
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Figure 2-31. Sting Configuration HSSNDA, 100* < o < 120 
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Figure 2-33. Sting Configuration HSDNSA, 100“ < a < 120 





Figure 2-3A. Sting Configuration HSDNSB, 120® < a <140 






Figure 2-35. Side Mount Support Setup for Test SA14Fb 
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Figure 2-36. Nose Mount Support Setup for Test SA14Fb 







Figure 2-38. Side Mount Support Setup for SAllF 
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Figure 2-39. Nose Mount Support Setup for SAllF 
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TUNNEL PITCH MECHANISM 
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Section III 
TVr TEST RESULTS 

The procedure used to develop the sting interference data required that 

the wind tunnel test data for all configurations be interpolated to identical 

angles of attack since data had to be subtracted and added at the same value of 

angle of attack. A computer code was developed to perform the calculations 

Identified in Section II to determine the an'cunt of sting interference and 

calculate the stir.g interference free value of the aerodynamic coefficients. 

An example of the listing of the output of the coov is presenteJ in Tables 3-1 

through 3-4. Summary tables of the value of the sting interterence and the 

corrected data were also developed t-> assist in the analysis of the data. An 

example summary table is presented in Table 3-5. Tables of each coefficient 

are presented in Appendix A tor each Mach number and roll angle tested and 

for each sting configuration. Table 3-1 shows an example of the data listing 

for the Ames nose mount configuration. A column listing of data for each 

configuration is presented corresponding to the equation -*equlred to determine 

the sting interference (see Section II). The value of the stin^; Interference 

is listed as AC and the corrected nose mount data is listed In the last 
^ANM 

column as . Tables 3-2 through 3-4 present similar data listings for 

^ANM 

the Marshall nose mount sting and the Ames and Marshall side mount sting 
configurations. It Is noted that the Ames and Marshall nose mount stings are 
..he identical nose sting configuration. The difference in the sting inter- 
ference data is identified by the procedure used to obtain the sting interfer- 
ence data as Identified in Section II. Table : -5 presents a sumir'ary table of 
the sting interference for each configuration and the corrected data for each 
configuration. The summary table of sting interference is useful In that it 
allowed the identification of the largest and smallest level of sting inter- 
ference. The summary of corrected data on the rlghtslde of the table also 
Includes the average of the data. This column allowed the evaluation oi 
extremes in the corrected data base. The sting interference and the corrected 
data presented in Appendix A have been analyz d and the results of the analysis 
discussed below. 
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LONGITUDINAL DATA RESULTS 

Values of the normal force sting interference are presented In Figures 
3-1 through 3-5 versus angle of attack. The figures show that the side mounted 
stings have the largest interference with the AMES type sting having the largest 
normal force interference. The side mounted stings show a negative sting A 
which is a reduction in the aerod3rnamic normal force due to the presence of 
the sting. The nose mounted sting shows some positive and some negative sting 
Interference at the lower Mach numbers. This could occur due to the method of 
mounting the nose sting. A portion of the nose of the SRB has to be removed 
to mount the nose sting. The nose sting has a cylindrical length that adds to 
the overall fineness ratio of the cylinder. The net ncse sting interference is 
thus a trad^- between the redaction in nose airload due to ’*emoval of a portion 
of the nose and the additional airload due to the increased effective cylinder 
length. The questionable data trends are those that show a different sign for 
the nose mount sting (ANM and MlIM) (see Figure 3-1, a = 100 lo 120 degrees). 

This trend is believed to identify a difference in mutual sting Interference 
due to the multiple swings. This trend occurred at Mach 0.6, 0.8, and 0.9 at 
= 0 degrees. The mutual Interference Is evident in the pitching moment sting 
^Interference discu^>ed below. Figures 3-1 through 3-5 show that generally the 
nose mount sting has the smallest normal force interference, especially at the 
higher angles of attack. 

The pitching moment sting interference is presented in Figures 3-6 through 
3-10 for selected Mach numbers and roll angles. The figures show that the 
Marshall side mount sting configuration develops the smallest moment interference 
about the reference position of 59 percent of the body length. The side mount 
sting moment interference generally increases with angle of attack and can 
become very large at angles of attack near 140 degrees. The nose mount sting 
interference is generally largest at angles of attack near 100 degrees and 
decreases with angle of attack. 

The variation of the n^rma^ force and pitching moment sting interference 
with Mach number is presented in Figures 3-11 through 3-16. Figures 3-11 and 
3-12 show that the interference from the nose mount sting is smaller except 
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at Mach 1.46 at an angle of attack of 110 degrees. Figure 3-12 shows that the 
sting Interference Is small for the nose mount sting over a wide Mach nund>er 
range. Figure 3-13 shows that the side mount sting creates a 6Z error In the 
SRB normal force coefficient over a wide range of Mach numbers while the nose 
mount sting only has an error of 2 percent or less. 

The center of pressure of the sting interference Is presented In Figure 
3-14. The center of pressure of the nose mount sting Interference is noted 
to be located near the forward cylinder nose junction. The center of 
pressure of the side mount sting (located at X /l, of .39) Is aft of the sting 

D 

location, but in general forward of the moment reference point (X * .59). 

Thus the side and nose mount stings will shift the SRB aft due to the 

sting Interference reducing the airload forward of the MRP. 

The pitching moment sting interference is presented in Figures 3-15 and 
3-16 versus Mach number. The figures show that the side mount sting produces 
the lower pitching moment Interference at angles of attack near 110 degrees 
while Figure 3-16 shows that the nose mount sting produces the lowest pitching 
moment Interference at angles of attack near 130 degrees. 

Corrected normal force and pitching moment coefficient data are presented 
in Figures 3-17 through 3-27. These figures present data at Mach numbers where 
the TWT results would not be appreciably Influenced by Reynolds number. The 
figures present the working plots used to develop SRB aero data Tape #2. The 
figures contain the SAllF data, the SRB aero data Tape #1 data and the cor- 
rected data band from TWT 660. 

The normal force data Is presented in Figures 3-17 through 3-20. The 
figures show that the IVT 660 corrected data falls In a relatively narrow 
data band which is different from the SAllF r€:sults. Figures 3-18 and 3-20 
show that if the "VT 660 Ames sting Interference is applied directly to the 
SAllF data that a unrealistic curve shape results compared to the corrected 
data band. 
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The pitching moment data Is presented In Figures 3-21 through 3-27. These 
figures show that the corrected data follows the Tape #1 (TWT 640) results 
closer than the Tape 2 (SAllP) data. This Is to be expected since the sting 
Interference results showed that the HSFC sting had the lower Interference 
than the Ames sting configuration. The pitching moment comparison at Mach 1.1» 
1.2 and 1.4 at 0 show that the corrected data approaches the high angle 
of attack nose mounted sting data. The high angle of attack trim conditions 
indicated by the nose mounted sting data from the TWT 640 and SAllF tests 
were not used to develop the aerodynamic data tapes. The corrected sting 
Interference data shows that the nose mount data Is the more correct data and 
should have been used to develop the two data tapes. This Is confirmed by 
the plot of the magnitude of the sting interference data (Figures 3-9 and 3-10) 
which show that at the higher angles of attack the nose mount sting pitching 
moment interference is very small. 

The corrected axial force coefficient is presented in Figure 3-28 versus 
Mach number. Tlie axial force coefficient from Tape #1 and Tape #2 are pre- 
sented for comparison. The figure shows that the corrected axial coefficient 
is lower than the Tape //I or Tape iH values over the majority of the Mach num- 
ber range. This trend was generally consistent over the angle of attack range 
as shown in Figures 3-29 and 3-30. This reduction In axial force coefficient 
may be due to the models that were used during the TWT 660 test program. These 
models did not have the thermal shield that was present during the SAllF test 
(see Figure 2-4) . 

UTERAL DIRECTIONAL DATA RESULTS 

The side force and yawing moment sting interference is presented In 
Figures 3-31 and 3-32 versus Mach number. Figure 3-31 shows that the side 
force sting Interference Is small except for the HRWT sting configuration. 

The HRWT sting Interference Is noted to be approximately 100 percent of the 
corrected side force In the Mach 1.1 range. The side force sting Interference 
is reduced to about 17 percent at Mach 0.6. 
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The yawing moment sting interference is presented in Figure 3-32. The 
figure shows that the yawing moment sting Interference is small except for 
the side mount sting configurations at Mach 0.6 and 0.8. It is noted that 
the Ames side mount sting Interference is the largest in this Mach number 
range. 

The HRWT sting interference is large over the total Mach number range 
and approaches 100 percent of the corrected value of side force at Mach 1.2. 
From Figure 3-32 it is evident that the side mount configurations have sub- 
stantial yawing moment sting Interference at Mach 0.6 and 0.8 while Figure 3-31 
shows little side force interference at these Mach numbers. This condition 
is an indication of mutual sting interference causing a redistribution of the 
airload with no substantial change in level of the airload. 

The corrected TWT 660 side force and yawing moment data have been over- 
layed over the SAllF and the SRB data Tape //I results. The comparison data 
are presented in Figures 3-33 through 3-*41. The figures show that the cor- 
rected TWT 660 data fall in a band that covers both the data Tape #1 results 
and the SAllF data. Thus no obvious data improvement could be identified. 

The rolling moment data would have to show a large difference to require a 
change since the rolling moment data for Tape #2 used the results of TWT 596 
(SA21F). Test TWT 596 was a special rolling moment test that developed 
rolling moment data at roll angle at 22 1/2 degree increments. This test 
allowed the definition of the rolling moment data versus ro"** angle and was 
used to identify the value of the integral of the rolling . coefficient 

over all roll angles. This test showed that the integral should approxi- 

mately zero. The math model for SRB Tape #2 was thus adjusted such that the 
integral of the rolling moment coefficient was approximately zero when linearly 
interpolating the math model that defined rolling moment data at 45 degree 
increments. 

The analysis of the TWT 660 test results at subsonic Mach number generally 
followed the transonic test results. The comparison of corrected data trends 
at subsonic Mach numbers required the additional consideration of the influence 
of Re3molds number and thus the subsonic trends are discussed in Section IV 
(HRWT Test Result) and Section V (Sting Interference Conclusions). 
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TABLE 3-1. SRB STING INTERFERENCE INTERPOLATED DATA - AMES NOSE 
MOUNT STING 
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ANGLC-OT -ATTACK. ALPHA (OeORtESI 

TMT-660 SPB sting INTEF^ePCNCE DULTm: 

Figure 3 - 1 . Sting Interference versus Angle of Attack. 
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Figure 3-3. Sting Interference versus Angle of Attack 
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Figure 3-6. Sting Interference versus Angle of Attack 
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Figure 3-12. Sting Interference versus Mach Number, C„, a « 130 
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Figure 3-13. Sting Interference C, Percent of Total 



Figure 3-14. Sting Interference Center of Pressure 




Figure 3-15. Sting Interference versus Mach Number, a = 110 
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Figure 3-16. Sting Interference versus Mach Number^ C^, a - 130' 
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Figure 3-17. Normal Force Coefficient Versus 



Figure 3-18. Normal Force Coafficiert Versus 
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Figure 3-20. Normal Force Coefficient Versus a, M *=1,2 
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Figure 3-21. Pitching Moment Coefficient Versus 
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Figure 3-22* Pitching Moment Coefficient Versus a, M * 1.1 
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Figure 3-23. Pitching Moment Coefficient Versus 
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Figure 3-24. Pitching Moment Coefficient Versus a, M = 1.2, <^ = 0 
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Figure 3-26. Pitching Moment Coefficient Versus 
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Figure 3-27. Pitching Moment Coefficient Versus 
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Figure 3-28. Axial Force Coefficient Versus Hach Number 
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Figure 3-29. Axial Force Coefficient Versus 
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Figure 3-31. SI'* c* Sting Interference Versus Mach Number a - 110 
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Figure 3-32. Yawing Moment Sting Interference Versus Mach Number a » 110 
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Figure 3-34. Side Force Coefficient Versus 
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Figure 3-36. Yawing Moment Coefficient Versus 
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Figure 3-Al. Rolling Moment Coefficient Versus Mach Number, a = 110 
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Section IV 

HIGH REYNOLDS NUMBER TEST RESULTS 

The HBMT OA2 test program was a three part program that consisted of 
testing one configuration from the TWT 660 test program, testing a basic 
cylinder to verify basic cylinder data trends and the sting Interference 
portion of the test program. The test program, models and st^ng configura- 
tions are described in Section II (Wind Tunnel Test Programs) . A listing 
of the data from each phase of the test program is presented in Appendix B. 

The model configuration used for the TWT 660 verification phase was 
configuration ASSOOA/B. The model and sting configuration used for the 
HRWT 042 test is presented in Figure 2-22. The test configuration used for 
this hardware during the TWT 660 test is shown in Figure 2-15. The TWT sting 
and SRB model hardware for this configuration was tested in the High Reynolds 
Number Tunnel. 

Comparison plots of the normal force and pitching moment coefficient for 
the Ames sting configuration are presented in Figures 4-1 through 4-4. Figures 
4-1 and 4-2 show good agreement in the normal force coefficient comparisons. 

The pitching moment comparison at Mach 0.6, shown in Figure 4-3, shows poor 
agreement with a negative shift in the pitching moment over most of the angle 
of attack range tested. The pitching moment comparison at Mach 0.8 (Figure 
4-4) shows much closer agreement. The comparisons show that good agreement 
exist except for the pitching moment coefficient at Mach 0.6. 

The cylinder test used a symmetric and asymmetric cylinder with a side 
mount sting (see Figures 2-23 through 2-25) . The cylinder test allowed a 
check with previously published high Reynolds number cylinder data and 
allowed the evaluation of basic cylinder moment interference due to the sting. 

Tlie cylinder test results are presented in Figures 4-5 through 4-8. The 
cylinder data was converted to cross flow drag coefficient form for comparison 
with other published cylinder data. 
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The cylinder crossflow drag coefficient data is presented in Figures 
A-5, 4-6, and 4-7. Figure 4-5 shows the crossflow drag coefficient for the 
symmetric and asynmetric cylinder from the test HRWT 042, These data are com- 
pared with the 2-D cylinder data from Reference 11 and the 3-D cylinder data 
from Reference 12. The figure shows that the HRWT data is lower than the 
Reference 11 data at the higher Reynolds numbers and higher at the lower 
Reynolds numbers. It was anticipated that the HRWT crossflow drag data would 
be lower than the 2-D data since the cylinder had a finite length with a fine- 
ness ratio of 11.2 (see Fig, 2-23), The higher Reynolds number data shows a 
reduction in crossflow drag coefficient of approximately 20 percent due to the 
finite length cylinder. This compares favorably with the general data trends 
presented in Reference 12, It is noted that the 3-D cylinder data from Refer- 
ence 12 is higher than the 2-D cylinder data from Reference 11 at a Reynolds 
number of 1.5 x 10^. The HRWT 042 cylinder data is very close to the 3-D 
cylinder data from Reference 12 at a Reynolds number of 1.5 x 10^. At a 
Re>Tiolds number of 6 x 10^ the HRVn data is higher than the Reference 12 data. 

The crossflow drag coefficient data in the lower Reynolds number range of 
10^ are higher than the 2-D results from Reference 11. The reason for this 
type of result is unknown. It may be due to a combination of model roughness 
and/or tunnel turbulence. Reference 13 shows that th^ crossflow drag coeffi- 

g 

cient in the Reynolds number range of 10 can vary from 0,2 to 0.4 depending 
on the RMS cylinder roughness. 

The high crossflow drag trend in the Reynolds number range of 10^ has been 
a problem with several HRWT test programs. The HRWT test program was adjusted 
to provide data at Mach 0.3 to avoid the high Mach number gradient in cross- 
flow drag at Mach 0.4. This high Mach number gradient is presented in Figure 
4-6. The figure (from Reference 14) shows a crossflow drag coefficient bucket 
between Mach 0.2 and 0.4 that is strongly influenced by Reynolds number. The 
HRWT data at Mach 0.3 and 0,4 are shown for comparison. Thus the high HRWT 
data at Mach 0.3 in the Reynolds number range of 1.0 x 10^ is not due to a 
Mach number gradient. 
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The reaulte of the HRWT cylinder test conducted at Kach O.A are preaented 
in Figure 4-7. The data band of the reaulta at Mach 0.3 are alao preaented In 
the figure. The teat at Mach 0.4 waa conducted to allow conparlaona with the 
reaulta fron Reference 11 and to evaluate the unuaual peak In the data at a 
Reynolda nuaber of 7.5 x 10^. The HRWT reaulta are noted to have a different 
trend In thla Reynolda nuaber range. The reaulta froa teat HRWT 034 are noted 
to be conalderably higher than the current HRWT reaulta. Teat HRWT 034 waa a 
high Reynolda nuaber teat of a clean (no protuberancea) SRB aodel. The reaulta 
preaented in Figure 4-7 ahow that the current teat reaulta (HRWT 042) coapare 
aore favorably with other publlahed experlaental data trend''. 

Coaparlaon of the center of preaaure froa the ayanetrlc and aayaaietrlc 
cylinder la presented In Figure 4-8. No algnlf leant trend In the center of 
preaaure ahlft could be identified with the asyaaetrlc cylinder. The 
83nmDetrlc cylinder Itaelf haa a cantor of preaaure that la generally within 
one percent of the center of the cylinder. The a83niBetrlc cylinder ..onter of 
preaaure waa expected to ahlft to the opposite aide of the atlng but no con- 
sistant trend could be Identified. 

The High Reynolds Nuaber sting Interference portion of the test prograa 
was an evaluation of the sting configurations used during test HRWT 039. Test 
039 provided the high Reynolda nuaber data base for the developaent of SRB 
data Tape #2. The SRB aodel configuration used for the test la preaented In 
Figure 2-26. The single and dual atlng configurations used are presented In 
Figures 2-27 through 2-34. The single atlng configurations used are the 
side aount atlng (BSSOOA/B) shown In Figures 2-27 and 2-28 and the nose aount 
atlng (HOONSA/B) shown in Figures 2-29 and 2-30. The dual atlng configurations 
Include the aide aount with duaay nose aount (HSSNDA/B) shown In Figures 2-31 
and 2-32 and the nose aount with the duaaiy side aount (HSDNSA/B) shown In 
Figures 2-33 and 2-34. The equations used to deteralne the atlng Interference 
are preaented In Section II (Wind Tunnel Teat Prograaa). The HRWT 042 test 
plan (Ref. 2) Identified an “A" alpha range and a "B" alpha range teat prograa. 
Scheduling probleaM created a conflict with the data analysis, however, and 
only Halted data was obtained for the “B" alpha range. 
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LONGITUDINAL DATA 

Th« normal force and pitching moment sting interference is presented in 
Figures 4-9 through 4- .0 figures 4-9 through 4-14 show that the sting normal 
force interference is not a strong function of Reynolds number, Mach number or 
roll angle. The side mount sting interference is considerably larger than the 
Ames or MSFC side mount sting interference. Compare Figures 4-11 and 4-12 
with Figures 3-1 and 3-2. Detail comparisons of the sting interference from 
both teat programs are preaented in Section V (Sting Interference Conclusions) . 

The pitching moment sting Interference is presented in Figures 4-15 
through 4-20. It is noted that the pitching moment sting Interference is 
large and of opposite sign for the side mount configuration than the TWT 660 
data. Compare Figure 4-17 with Figure 3-6. The pitching moment sting inter- 
ference also appears to be a function of roll angle. 

Data plots used to develop the sting Interference data are presented in 
Figures 4-21 through 4-28 for Mach 0.4, Figures 4-29 through 4-36 for Mach 0.6, 
and Figures 4-37 through 4-44 for Mach 0.8. Data for three Reynolds numbers 
are presented in each figure. This provided a method of identifying questionable 
data. Also superimposed on each data plot are the values of the coefficient 
from SRB data tape #1 and #2. This provides a general comparison for the 
corrected data with both current data tapes. 

The normal force data for Mach 0.4 presented in Figures 4-21 through 4-24 
show the general data trends for each Mach number. The nose mount sting 
developed the largest normal force coefficient as shown in Figure 4-21. The 
addition of the dummy side mount sting reduced the normal force load by unloading 
the model at the sting location (compare HOONSA with HSDNSA) . Thus the side 
mounted dummy sting creates a negative normal force interference that must be 
added back to the side mount sting data (HSSOOA). The correction for atlng 
interference thua increases the side laount data level as shown in the figure. 

It is noted in the figure that the side mount data (HSSOOA) at the low Reynolds 
number does not develop a representative curve versus angla of attack. This 
trend is consistent for the majority of the data and is believed due to the 
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relatively low loads developed on the model compared co the high loading 
environment at the high Reynolds number flow condition. The nose mount data 
presented In Figure A-22 shows a problem with the side mount configuration 
(HSDNSA) . It Is noted In Figure 4-21 that configuration HSDNSA develops a 
larger normal force coefficient than configuration HSSMDA. This large a dif- 
ference In data did not occur during the TWT 660 test program. T' s difference 
developed a significant difference In side mount and nose mount corrected data. 

Summary plots of the corrected normal force and pitching moment data are 
presented in Figures 4-43 through 4-56. The Tape #1 and Tape #2 values are 
also presented for reference along with the data band of the TWT 660 corrected 
data at certain Mach numbers. The figures show that the..e Is a snbstantlal 
difference In level between the corrected HRWT nose mount and side mount data. 
The difference In data between configuration HSSNDA and HSDNSA iu the major 
cause of this difference In corrected data. It Is not known which data Is the 
more correct. The average of the corrected HRWT d-ca may be representative of 
the corrected trend. Using the average HRWT data trends It Is evident ..rom 
the figures that the corrected normal force data Is close to data Tape #2 while 
the pitching moment data falls between Tape #1 and Tape ^2 values. 

Figures 4-47 through 4-50 show that the corrected TWT 660 data is close 
to the HRWT corrected data for zero roll angles. This trend Is not surprising 
since the electrical conduit Is at a critical position to Influence the cylinder 
flow field Reynolds number trends at zero rol.1 angle. The TWT 660 corrected 
data Is noted to be higher than the HRWT data at a roll angle of 90 degrees 
(see Figure 4-48). Figure 4-48 indicates a Reynolds number Influence at Mach 
0.6. The corrected data at Mach 0.8 presented in Figure 4-50 shows that most 
of the data Is higher than the data at zero roll angle presented In Figure 
4-49. This trend occurred in the angle of attack range of 110 to 120 degrees. 
The TWT 660 data trend In this angle of attack range shows a large bump In the 
curve that mat'.hes the HRWT data. This data trend seemed unreasonable and has 
been Ignored. 
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Comparison of the corrected pitching moment data presented in Figures 4-53 
through 4-56 shows that the TWT 660 corrected data is significantly displaced 
from the HRWT crrrected data. The limited amount of HRWT corrected data in 
the B alpha (120 < a < 140) range presented in Figure 4-53 shows that the data 
trend versus angle of attack may follow the TWT trend resulting in a pitching 
moment coefficient data that is outside the range of both the Tape #1 and Tape 
#2 data base. Insufficient data was available to confirm this trend however. 

The analysis of the corrected HRWT 042 and the corrected TWT 660 data 
showed the influence of Reynolds number on the corrected data trends. Specific 
quantitative estimates of the data trends with Reynolds numbers are difficult 
to assess due to the large HRWT data band considering the nose mount and side 
mount data. This large data band prevented any quantitative exL-T" jipolation of 
data bands to full scale Reynolds numbers. 


LATERAL DIRECTIONAL DATA 

The HRWT 042 nose mount and side mount lateral-directional data are 
presented in Figures 4-57 through 4-68. The data for the single sting con- 
figuration, dual s ing configurations, and the corrected data are presented 
i each figure. The side force coefficient is presented in Figures 4-57 
through 4-62. These figures show that at zero roll angle, where the side 
force is maximum, the side force sting interference Is positive for the side- 
mount sting and reduces the magnitude of the negative side force. It was 
expected that the nose mount lateral directional sting interference would be 
small, similar to the TWT 660 data trend, but Figure 4-57 shows a large side 
force sting interference for the nose mount sting. This may be due to a 
mutual sting interference problem that is due to a difference in data charac- 
teristics for sting configuration HSSNDA and HSDNSA. These two sting con- 
figurations are shown in Fig \^es 2-31 and 2-33. It is noted in these figures 
that both configurations are dii.l sting arrangements. Configuration HSSNDA 
(Figure 2-31) has an active side mount with a dummy nose mount and configura- 
tion HSDNSA has an active nose mount with a dummy side mount. Figures 4-57 
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and 4-63 show that there is a substantial difference in data level for these 
two configurations. The reason for this difference is unknown. This differ- 
ence in data level caused concern as to which data was the more accurate since 
there was a difference in level of the corrected data for a large portion of 
the data base. 

The lateral directional subsonic corrected data from both tests were 
overlayed with the Tape #1 and SAllF (Tape #2) results to evaluate what change, 
if any, was required to data Tape #2. These results are presented in Figures 
4-69 through 4-76, Appropriate test results are overlayed where available. 

The data are presented for the roll angle where the coefficient is a maximum. 
The side force and yawing moment is thus presented at a roll angle q) = 0 
degrees. 

The side force coeficient comparisons are presented in Figures 4-69 
through 4-72. Figure 4-69 shows the side force comparison at Mach 0.4. The 
figure shows that the majority of the corrected high Reynolds number data 
follows the HRVJT 039 te ;t data trends. The side force coefficient at Mach 0.6 
and 0.8 is presented in Figures 4-70 and 4-71 respectively- These figures 
show that the corrected TWT 660 data follows the TWT 640 data trends and the 
HRWT corrected data brackets the HRWT 039 data. The side force coefficient 
at an angle of attack o^“ 110 degrees is presented versus Mach number in 
Figure 4-72* The figure shows that the corrected HRWT 042 data follows the 
data Tape #2 data trends and the TWT 660 corrected data at the higher Mach 
number is close to the Tape #2 data. 

The yawing moment comparisons are presented in Figures 4-73 through 4-76. 
The comparison at Mach 0.4 is presented in Figure 4-73. The figure shows 
that the corrected HRWT 042 data covers the HRWT 039 data trends. The HRWT 
042 data does not have the same slope as the SAllF or the 039 data. Data 
comparisons at Mach 0.6 and 0.8 are present j.n Figures 4-74 and 4-75. The 
figures show that the corrected TWT 660 data band follows the Tape #1 data 
trends while the majority of the HRWT 042 data follows the HRWT 039 and SAllF 
data trends. It is noted that at Mach 0.8 the nose mount corrected HRWT 042 
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data has a different sign than the corrected side mount data. The SAllF data 
also has a different sign compared to the TWT 6A0 ard Tape #1 results. 

A comparison of the yawing moment at a = 110 degrees is presented versus 
Mach number in Figure 4-76. The figure shows that the corrected TWT 660 data 
is considerably different from the Tape #1 result at Mach 0.6. This is due 
to the large sting interference at Mach 0.6 identxfied in Figure 3-39. The 
HRWT 042 test results generally confirm the SAllF and Tape #2 trends. The 
Tape #2 yawing moment coefficient at Mach 0.6 and 0.5 probably has the wrong 
sign in the angle of attack range of 110 degrees. 
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Figure 4-3. Pitching Moment Coefficient Versus a, TWT and HRWT. 
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Figure 4-5. Crossflow Drag Coefficient Versus Reynolds Number, M *0.3 
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Figure 4-6. Crossflow Drag Coefficient Versus Mach Number 
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Figure 4-7 • Crossflow Drag Coefficient Versus Reynolds Number 
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Figure 4-8. Cylinder Center of Pressure Versus Reynolds Number 



I 








AC/\I -/.d 


t 

1 

I 


I 

I 

^ 

i 



r«Nco».‘^ 
or* 0 * 


SYMBOL STING CONFIGURATION 

M HOSE MOUNT 

S SIDE MOUNT 



REYNOLDS NUMBER 

1.5 X 10^ 

5.5 X 10® 

9.5 X 10® 





original page is 
‘ OUALITY 


'■f 

IOC 


MO <’-r 

■< 


■r 


Figure 4-9. Normal Force Sting Interference. HRWT, M - 0.4, (> « 0* 
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Figure 4-16. Pitching Moment Interference, HRWT, - 0.4, ()) ■ 90* 
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Figure 4-17. Pitching Moment Interference, HRWT, M^ = 0.6, (f * 0* 


4-25 





SYMBOL 


STING CONFIGURATION 


f 

iP' 


N 

S 



NOSE MOUNT 
SIDE MOUNT 

REYNOLDS NUMBER 
X.5 X 10^ 

5.5 X 10^ 

9.5 X 10^ 




/ 








/u'O 


//o 


120 


rso 


Figure 4-18. Pitching Moment Interference, HRWT, * 0.6, 4i ■ 90* 
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Figure 4-23. Nomwl Force Data, HRWT Nose Mount, ■ 0.4, (i •> 0* 
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Figure 4-24. Normal Force Data, HRWT Nose Mount, * 0.4, * 90* 
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Figure 4-26. Pitching Moment Data, riRWT Side Mount, M * 0.4, t = 90* 
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Figure 4-28. Pitching Moment Data, HRWl’ Nose Mount, ■ 0.4, * ^0* 
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Figure 4-32. Normal Force Delta, HRWT Nose Mount, M ■ 0.6, (}> ■ 90* 
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Figure 4-34. Pitching Moment Data, HRWT Side Mount, M ■ 0.6, 4> ■ 90 
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Figure u-36. Pitching Moment Data, HRWT Nose Mount, M - 0.6, ■ 90* 
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Figure 4-37 • Normal Force Data, HRWT Side Mount, M • 0*8, ^ “ 0* 
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Figure 4-40. Normal Force Data, HRWT Nose Mount, M^ • 0.8, 4) • 90* 

/ 


4-48 










STING 

HSSOOA 

HSSNDA 

HOONSA 

CORECTED DATA 
REYNOLDS NUMBER 

1.5 X 10^ 

5.5 X 10^ 

9.5 X 10^ 



ORIGINAL PAGE IS 

Or pro:: quality 


M = O.K, = 0* 

or 



SYMBOL 


STING 




^■1 




c 


►A 

1\ 




!K 






-/ 


paAc^foo^.-g 

>0^» '\o 



A 

O 

a 


HSSOOA 

HSSNDA 

HOONSA 

CORECTED DATA 
REYNOLDS NUMBER 

1.5 X 10 ^ 

5.5 X 10 ^ 

9.5 X 10 ^ 





Figure 4-44. Pitching Moment Data, HRWT Nose Mount, M = 0.8, “ 90* 
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Figure 4-45. Summary Corrected Normal Force Data, HRVTT, M ■ 0.4, <ji « 0* 
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Figure 4-46. Summary Corrected Normal Force Data, HRWl’, « 0.4, ^ • 90* 


4-54 



SYMBOL 


STING CONFIGURATION 


N NOSE MOUNT 

S , SIDE MOUNT 



Figure 4-47. Summary Corrected Normal Force Data, HRWT, “ 0.6, ^ = 0* 



c 


N 



Figure 4-48. Sumnary Corrected Normal Force Data, HRWT, ■ 0.6, ■ 90* 
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Figure 4-49. Sunraary Corrected Normal Force Data, HRWT, ■ 0.8, ■ 0* 
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Figure 4-53. Summary Correctt Pitching Moment Data, HRWT, ■ 0.6, ♦ ■ 0* 
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Figure 4-54. Summary Corrected Pitching Moment Data, HRWT, = 0.6, * 90® 
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Figure 4-57. Side Force Data, HRWT M - 0.4, 
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Figure 4-63. Yawing Moment Data, HRWT, M - 0.4, 
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Figure 4-7D. Side Force Coefficient Comparison 
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Figure 4-72 « Side Force Coefficient Comparison Versus Mach Number 
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Section V 

STIN6 INTERFERENCE CONCLUSIONS 

The sting Interference from the High Reynolds musber test sting configura- 
tion was also determined In the TWT 660 test. Thir. allowed an evaluation of 
the sting Interference versus Reynolds number. Plots of the ncing interference 
from this sting configuration versus Reynolds nund>er are presented in Figures 
5-1 through 5-3. The figures show that the sting interference is not a strong 
function of Reynolds nuiuber. The sting Interference from the TWT 660 sting 
configurations is noted to be different from the HRWT sting Interference. The 
normal force sting interference is generally less and the pitching moment sting 
Interference has a different sign at Mach 0.6 and is smaller at Mach 0.8. The 
change in sign of the moment Interference is due to the stings being located 
on different sides of the MRP. The MSFC and Ames side mounted stings are 
located forward of the MRP at 39 percent of the length (see Figures 2-6 and 
2-14) . The HKWT side mounted sting was located aft of the MRP at 68 percent 
of the body length. The MRP is at 59 percent of the body length. 

The TWT 660 sting configurations are located forward of the MRP and thus 
the stings have a negative moment interference which moves the SRB aft. 

The high Reynolds number test sting configuration is located aft of the MRP 
and thus the sting Interference has a posit! e value and moves the SRB X 

cp 

forward. Comparison of the uncorrected center of pressure versus Reynolds 
number thus have shifts in the data as shown in Figure 5-4. The shift in 

the X _ data versus Reynolds number is removed when both sets of data are 

cp 

corrected for sting interference as shown in the figure. The X^^ obtained 
with the forward sting configuration shifts aft and the X^p obtained with 
the aft sting configuration shifts forward. 

The relationship between the size of the various sting configurations and 
the level of sting Interference is shown in Figure 5-5. Figure 5-5 shows that 
the level of sting interference is related to the size of the sting to the 
size of the cylinder. The figure shows that the Marshall sting has the lowest 
ratio of sting area to cylinder area and thus has the smallest sting interference. 
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I 

The Ames sting configuration with an area 15 percent larger produce larger 

values of sting interference. The high Reynolds number type sting produced , 

large value of sting interference for the majority of the test Mach numbers. ! 

I 

The following general conclusions are developed from the analysis r the 
sting Interference data. 

1. All side mounted stings reduced the airload on the SRB. 

2. The airload reduction is proportional to the relative size of the 
sting and model. 

3. The side mounted sting created less sting moment Interference for 
angles of attack from 100 to 120 degrees. 

4. The nose mounted sting created less sting moment Interference for 
angles of attack greater than 120 degrees. 

The analysis of the corrected data base from both the TWT 660 and HRWT 
wind tunnel tests was conducted to evaluate what changes were required to the 
existing SRB reentry aerodynamic data. The analysis of the TWT 660 results 
(Section III) at Mach 1.1, 1.2 and 1.46 identified major differences in the 
normal force and pitching moment characteristics that were significantly 
different from Tape #1 and Tape #2 characteristics. The corrected axial force 
characteristics were not appreciably changed. The lateral-directional charac- 
teristics were also not significantly Influenced. The analysis of the high 
Reynolds number data (Sectlon4) identified corrected pitching moment data 
trends at Mach numbers of 0.4, 0.6, and 0.8 that were also different from either 
SRB data tapes. The lateral-directional characteristics at these Mach numbers 
were not sufficiently defined as being different from the Tape #2 values to 
warrant changes. The corrected TWT 660 longitudinal data at Mach 0.9 was 
compared to the data Tape #2 results using the 039 Reynolds number trends. 

This comparison is presented in Figures 5-6 through 5-11. These figures shew 
that the Tape #2 data adequately represent the corrected data considering the 
influence of Reynolds number. Thus the normal force coefficient required 
changing at Mach 1.1, 1.2, and 1.46 and the pitching moment coefficient required 
changing at essentially all Mach numbers covered by the test program except 
Mach 0.9. 
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Figure 5-1. Sting Interference Versus Reynolds Number M * 0.6 
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Figure 5-3. Sting Interference Versus Reynolds Number M - 0.8 
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Figure 5-5. Sting Interference Versus Sting Area Ratio 
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Section VI 

SRB AERODYNAMIC MATH MODEL 

A new math model of the right SRB reentry aerodynamic characteristics 
was developed. The new math model is based on the results from the test TWT 
660 and HRWT test 042. The math model was developed by evaluating the differ- 
ences between the data from both tests corrected for sting interference and 
the math model known as DATA TAPE #2. There are currently two basic SRB reentry 
aerodynamic data tapes. The wind tunnel test programs used to develop each 
tape is shown in Table 2-2. Data Tape #2 has a much improved lateral direc- 
tional math model. Since the sting Interference tests showed little if any 
change in the laterlal directional data Tape 2 was used as the basis for modi- 
fication. The primary emphasis in modification concentrated on the normal 
force and pitching momerit coefficients. These two coefficients had the largest 
changes due to sting interference. Two techniques were used to develop the 
new math model, transonic data that has little Reynolds number influence was 
modified using the TVTT 660 data con acted for sting interference. The subsonic 
data that is influenced by Reynolds number was modified using a procedure that 
incorporated sting Interference corrected data from both test programs (TWT 
660 and HRWT 042). Both procedures are described below. 

TRANSONIC DATA MODIFICATION (M^ = 1.1» 1.40) 

The data correction required to data Tape #2 at Mach number of 1.1, 1.2, 
and 1.46 were developed by compari.ig plots of the data Tape #2 coefficient with 
the corrected data from TWT 660 and data Tape /M . An example of this compari- 
son is presented in Figures 3-17 and 3-27. The figures show that the band of 
corrected data is sufficiently removed from the TAPE 2 data (SAllF) to require 
modification. Several techniques were evaluated in modifying the data. The 
initial technique consisted of applying the Ames correction to the SAllF data. 
This technique produced the curves shown in Figures 3-18 and 3-20. The resul- 
tant curves required extensive fairing tu smooth. This is probably due to the 
differences between the Ames data and the data obtained in the 14-lnch tunnel 
with the Ames sting configuration. These figures show that the basic data is 
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different and thus the sting interference from the stings are different, which 
causes data fairing problems when using the TWT 660 Ames configuration sting 
interference data to correct the SAllF data. Comparison of the two sets of 
data indicate the SAllF Ames sting configuration has larger sting interference 
than the TWT 660 Ames sting configuration. This may be due to the added bulk 
hardware at the knuckle joint of the SAllF test (see Figures 2-14 and 2-38). 

This hardware was not simulated in the TWT 660 test. The increase in normal 
force from the TWT 660 test indicates a reduction in sting interference. An 
additional indication of the extent of the sting Interference in the SAllF 
test is the shape of the normal force curve. The dips in the curve indicate 
a substantial amount of sting interference that varies significantly with angle 
of attack. An indication of the potential variation of the sting interference 
from the Ames type of sting configuration is evident in Figures 3^4. It is 
noted in the figure that the sting inter ference of the Ames sting configuration 
varies by a factor of over 2.0 over the angle of attack range investigated. 

The procedure that was used was to smooth the average of all 4 sets of 
corrected sting interference data and then fair the new curve into the Tape 2 
data over the angle of attack range from 70 to 180 degrees. The extent of the 
fairing generally required less than this range of angle of attack. This type 
of fairing was used because the band of correcteu ita from the four sting 
configurations was generally small compared to the difference between the 
Tape #2 data and the corrected data. An additional problem was that the cor- 
rected data did not form a smooth curve, indicating that all the sling inter- 
ference had not been removed or that mutual sling interference existed at 
certain attitudes. This is evident by the data presented in Figure 3-35. 

SUBSONIC DATA MODIFICATION 

The aerodynamic data on SRB data Tape #2 for Mach numbers of 0.4, 0.5, 

0.6, 0.7, 0.8, and 0.9 were evaluated for potential changes due to the sting 
interference data base. Potential sting interference corrections were available 
from the IVT 660 test program at Mach numbers of 0.6 and 0.8. Potential sting 
interference corrections from the HRWT 042 test program at Mach 0.4, 0.6, and 
0.8 were available. These data were assembled and compared with test data 
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from TWT test 640» SAllF, and HRWT 039 to evaluate specific Mach and Reynolds 
number trends. Section IV shoved that the corrected HRWT 042 data is slgnlfi- 
canlly different from the TWT 660 data. Thus the HRWT data has to be used to 
evaluate the corrected data trends. Specific trends with Reynolds number were 
difficult to evaluate due to differences between the corrected nose mount and 
side mount data. The procedure that was used was to use the average of the 
corrected High Reynolds number data. 

Summary plots of the corrected normal torce coefficient data are presented 
in Figures 4-45 through 4-50. The analysis of the corrected data compared to 
the data Tape #2 shoved that differences of a magnitude to warrant changes did 
not exist. Thus no corrections were made to the normal force coefficient data. 

Summary plots of the corrected pitching moment coefficient data are pre- 
sented in Figures 4-51 through 4-56. The analysis of these data showed that 
significant differences existed between the corrected data and data Tape ifl 
and #2. The corrected pitching moment coefficient curves are presented in 
Figures 6-1 through 6-6. The pitching moment coefficient at Mach 0.4, 0.6, 
and 0.8 was corrected to the average of the HRWT 042 data trends as shown in 
the figures. The figures show that the corrected trim angle of attack Is 
generally closer to Tape //I values than Tape #2. 

Corrections to the Tape if! pitching moment at roll angles other than zero 

and 90 degrees were developed by evaluailng the pitching moment coefficient 

and corrections veisus roll angle for Tape 1^1 and the corrected data from 

test HRWT 042. This produced a set of preliminary pitching OKiment corrections 

for evaluation at selected angles of attack. These data were used as a basis 

to evaluate preliminary pitching moment curves and values of The 

resultant values of versus Mach number was then used to evaluate the 

potential values of at the two Mach numbers where there was not sting 

TRin 

Interferrnce data (M ■ 0.5 and 0.7). These data were then converted to an 
effective delta in pitching moment coefficient which was applied to the Tape 
#2 data. This provided a basis for correcting the Tape 12 pitching moment 
coefficient at Mach 0.5 and 0.7. The net correction to Tape #2 represenrs 
approximately 75Z of the difference between Tape tl and Tape 12. 
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A comparison of tha resultant values of Q^rim Mach number is pre- 
sented In Figures 6-7 through 6-14. Also presented on the figures are values 
of “yrim Tmp^ #1 and Tape fZ. 
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Figure 6-8. Corrected Trim Angle of Attack 
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Stction VII 
CONCLUSIONS 


The analysis of the sting interference data from teats TNT 660 and HRHT 
042 identified the following general influence of the sting. 

1. The aide mount sting almost always reduces the normal force 
coefficient of the model. 

2. Tlie amount of reduction depends on the relative size of the 
sting to the model. 

3. The pitching moment sting Interference depends on the size 
and location of the sting. 

4. The SRB pitching moment side mount stiug Interfeience wan 
smaller than the nose mount sting interference for angles 
of attack from 100 degrees to 120 degrees. 

5. The SRB nose mount sting Interference was smaller for angles 
of attack ftom 120 to 140 degrees. 

6. The Ames side mount sting configuration had higher oMng 
interference than the MSFC side «"junt sting conflguracion. 

7. The corrected normal force and pitching moment wind tunnel 
data was significantly different from the SRfi aero data 
Tape #1 and Tape #2 for Mach numbers of 1.1, 1.2, and 1.46. 

8. The corrected pitching moment at all subsonic Mach numbers 
was different from either data Tape #1 or #2. 

9. A new SRB aerodynamic math model was developed incorporating 
new normal force and pitching moment data comosensurate with 
conclutlona #7 and #8. 
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